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Figure 1. Intercellular Transfer of Shigella Protrusions at Tricellular
Junctions
Three-dimensional diagram of infected epithelial cells where Shigella (green)
within a membrane protrusion are drawn invading adjacent cells at the tricel-
lular tight junctions (tTJ). For contrast, Listeria (red) is drawn crossing into an
adjacent cell below the bicellular junctions.
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Previewsinternalin C (InlC) enhances
spread of Listeria to adjacent
cells by loosening the bicellu-
lar junctions and the cortical
cytoskeleton through its inhi-
bition of the actin-modifying
proteins Tuba and N-WASP
(Rajabian et al., 2009). In the
future, it may be interesting
to explore whether a Listeria
mutant in InlC preferentially
penetrates tricellular junc-
tions or whether ectopic ex-
pression of InlC in Shigella-
infected cells (or coinfection
with Listeria) abrogates the
preference for spread at tri-
cellular junctions and enables
the use of bicellular junctions
instead. It will also be im-
portant to document whether
intercellular spread of Shi-
gella through tricellular junc-
tions is even more specific infully polarized cells or in well-differenti-
ated colonic epithelial tissue.
The study by Fukumatsu and co-
workers is an elegant reminder that bacte-
rial pathogens teach us both about mech-
anisms of disease and about host cell
biology. Shigella is a formidable path-
ogen, and more than 100 years after its
discovery it is still responsible for over320 Cell Host & Microbe 11, April 19, 2012 ª100 million cases of dysentery each year
and over half a million deaths in children
(www.who.org) (Kotloff et al., 1999;
Niyogi, 2005). Shigella’s only natural envi-
ronment is the human intestine, and
understanding Shigella evolution in this
context has led to several discoveries
about how our cells function. Based on
the Fukumatsu et al. study, Shigella’s2012 Elsevier Inc.actions literally point us
toward previously unknown
properties of the junctions
between epithelial cells.
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Themechanismsbywhichepithelial cells distinguishpathogens fromcommensalmicrobeshave longpuzzled
us. Now, McEwan et al. (2012) and Dunbar et al. (2012), in this issue of Cell Host & Microbe, demonstrate that
in C. elegans, microbial toxin-induced inhibition of host cellular functions, especially blockade of protein
translation, activates the effector-triggered immune response dependent on the transcription factor ZIP-2.During the last two decades, fundamental
mechanisms of pathogen sensing have
been under intense investigation anddebate, mainly focusing on pattern re-
cognition receptors (PRRs) and the path-
ogen- or microbe-associated molecularpatterns (PAMPs or MAMPs) that they
recognize. According to this paradigm, a
broad range of microbial molecules that
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Previewsshare common structural motifs, such as
the bacterial peptidoglycan or fungal cell
wall components, are recognized by evo-
lutionarily conserved receptor proteins on
antigen-presenting cells (APCs) and other
inflammatory cells. Probably the best-
known examples of these PRRs are the
mammalian Toll-like receptors, which re-
cognize a plethora of microbial compo-
nents and trigger multiple defense re-
sponse pathways, including NF-kB, IRF,
andMAPK signaling pathways. Once acti-
vated through their PRR(s), these cells in
turn signal the presence of an infection
and can further activate the adaptive
immune system (Medzhitov, 2009). This
model, however, has some serious
caveats. First, MAMPs are universal to
all microbes, and therefore the model
fails to distinguish a dangerous pathogen
from a harmless commensal microbe. The
danger model partially bypassed this
problem, suggesting that in addition to
MAMPs, APCs can be activated by alarm
signals (danger-associated molecular
patterns, DAMPs, or alarmins) released
by nearby injured cells (Matzinger, 2002;
Vance et al., 2009). Second, viruses are
essentially made from the same building
blocks as the host cell, and are still being
recognized. And third, many organisms
such as plants and nematodes lack
professional circulating immune cells
and adaptive immune responses. In addi-
tion, nematodes lack NF-kB, and their
single Toll-like receptor homolog has
only been indicated to play a role in
immune signaling against Salmonella
(Tenor and Aballay, 2008). Still, nema-
todes are perfectly capable of eliciting
defense responses to various pathogens.
Therefore, it has been proposed that
instead of theMAMPs or PAMPs, immune
signaling may be triggered in the nema-
tode in response to the pathogen-induced
damage or disruption in the cellular
homeostasis. One particular example of
this type of response is effector-triggered
immunity (ETI), which is well demon-
strated in plants. In this system, the host
immune response is triggered by re-
cognition of the effector molecules (i.e.,
virulence factors that microbes deliver
into the host cells) or their effects on the
host cellular homeostasis/function (Jones
and Dangl, 2006; Go¨hre and Robatzek,
2008).
Two articles in this issue of Cell Host &
Microbe, and a related publication inCell, now elucidate previously uncharac-
terized mechanisms of ETI in the nema-
tode Caenorhabditis elegans (McEwan
et al., 2012; Dunbar et al., 2012; Melo
and Ruvkun, 2012). C. elegans feeds on
bacteria, and a nonpathogenic E. coli is
usually used as a food source in labora-
tory. However, ingestion of virulent bac-
teria, such as Pseudomonas aeruginosa
strain PA14, can lead to a lethal intestinal
infection. Virulence of PA14 is partially
due to Exotoxin A (ToxA), which, like diph-
theria and shiga toxins, is known to inhibit
protein translation by altering a posttrans-
lational modification in elongation factor 2
(EEF2). In C. elegans, defense responses
to P. aeruginosa are mediated by a bZIP
transcription factor ZIP-2. This leads to
transcription of target genes, including
infection response gene-1 (irg-1) (Estes
et al., 2010). To study if a xenobiotic
molecule, such as ToxA, is sufficient to
activate C. elegans immune responses,
McEwan and colleagues fed the worms
with a normally nonpathogenic E. coli en-
gineered to express ToxA. They found
that ToxA alone induced a subset of the
genes normally upregulated following
P. aeruginosa infection, indicating an ETI
induced by the ribosomal inhibitor ToxA.
This ToxA-induced transcriptional pro-
gram required the ZIP-2 transcription
factor.
Since ToxA is a known inhibitor of
protein translation, McEwan et al. (2012)
also tested other translation inhibitors
to determine if the translational block
was sufficient to trigger these defense
response pathways. Indeed, both hy-
gromycin B and G418 induced irg-1
together with a subset of other immune
response genes. Worms with mutated
EEF2 (lacking the site for ToxA activity),
or worms fed with catalytically inactive
ToxA, showed no irg-1 transcription,
emphasizing the role of translational block
in triggering defense responses.
The accompanying paper by Dunbar
et al. (2012) confirms these findings
and reveals the mechanism by which
the defense-triggered ZIP-2 expression
is activated despite the ToxA-mediated
blockade of translation. Initially, they
screened for RNAi targets that induced
irg-1 expression in the absence of an in-
fection or other stressors and identified
several core host pathways, especially
translation machinery components. Next,
translation elongation was blocked withCell Host & Microbecycloheximide and was also found to
result in ZIP-2-dependent induction of
irg-1 expression. Furthermore, they dem-
onstrated in agreement with McEwan
et al. (2012) that P. aeruginosa infection
blocks protein production in the host
intestine and that this is due to ToxA that
enters the cells by endocytosis. To reveal
the mechanism by which inhibiting
translation activates irg-1 transcription,
Dunbar et al. further investigated the
dynamics and regulation of zip-2 expres-
sion. zip-2 mRNA levels were found to
be similarly high in both uninfected and
infected animals. However, a zip-2-GFP
protein fusion reporter showed dramati-
cally different results. While GFP was
barely detected in conventionally reared
reporter animals, P. aeruginosa induced
robust zip-2-GFP expression and nuclear
localization in intestinal cells. Cyclohexi-
mide treatment mimicked the effects of
P. aeruginosa infection, further supporting
the notion that a blockade of translation
initiation triggers the production of ZIP-2
protein. Finally, Dunbar et al. suggest
that an upstream open reading frame
(uORF) in 50UTR of zip-2 plays a key role
in overriding the pathogen-induced block
in translation, which in turn leads to
increased levels of ZIP-2 transcription
factor, and induction of transcription of
irg-1 and other defense response genes.
Another recent paper, from Melo and
Ruvkun (2012), extends the notion of
defense responses triggered by damag-
ing key cellular machinery beyond the
translation apparatus. In this study, an
RNAi screen was engineered to identify
genes involved in regulating the behav-
ioral response to microbial food sources.
Through this screen, they discovered
that disruption of many core cellular
functions, such as protein translation,
mitochondrial respiration, proteasome
activity, or actin cytoskeleton and micro-
tubule dynamics, results in activation
of detoxification and immune-responsive
gene expression programs (including
ZIP-2-dependent irg-1 expression), in
addition to behavioral changes.
While ETI is a well-characterized
immune-sensing mechanism in plants
(Jones and Dangl, 2006; Go¨hre and
Robatzek, 2008), similar phenomenona
in animal systems have only recently
been reported. For example, Boyer et al.
(2011) studied a toxin, CNF1, from
uropathogenic E. coli that catalyzes11, April 19, 2012 ª2012 Elsevier Inc. 321
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Figure 1. Model for Activation of Metazoan Innate Immune Responses
Pattern recognition receptors (PRRs) bind microbial components and trigger signaling cascades, which
lead to the transcription of potent antimicrobial peptides, cytokines, and other defense response genes.
To discriminate harmless commensal microbes from pathogens and to indirectly sense the presence of
pathogenic effector molecules (toxins/virulence factors) that PRRs fail to recognize, cells monitor alarm
signals from distressed or dying neighboring cells (Danger model) and/or the integrity of essential cellular
functions in the effector-triggered immunity model (ETI). For example, inhibition of translation by bacterial
toxins or drugs activates translation of the ZIP-2 message and the induction of the irg-1 response in
C. elegans.
Cell Host & Microbe
Previewsdeamidation and activation of Rac2. In
the Drosophila system, they found that
the activated Rac2 binds the adaptor
protein IMD, a core component of one
of the major NF-kB immune signaling
pathways in flies, and triggers immune
responses independent of PRR-mediated
recognition. Similar findings were also
reported, with activated Rac2 interacting
with RIP1 or RIP2 and triggering NF-kB
responses in mammalian cells. Now,
this current batch of papers from the
C. elegans system suggests that disrup-322 Cell Host & Microbe 11, April 19, 2012 ªtion of many cellular processes is also
likely to trigger immune defense transcrip-
tional responses.
Indirect sensing of pathogens and ETI
clearly offer significant advantages for
the host. Monitoring of only a few core
pathways and cellular activities instead
of (or in addition to) evolving specific
PRRs for multiple unknown toxins or envi-
ronmental threats creates amore versatile
and adaptable infection/stress-sensing
system. Since many pathogens are
known to avoid detection by modifying2012 Elsevier Inc.PAMPs or subverting PRR signaling (Roy
and Mocarski, 2007), the ETI re-
sponse offers the host added protection
from these virulent microbes (Figure 1).
Also, the activation of ETI defense
response pathways is likely faster than if
the response would depend solely upon
danger signals (DAMPs) released from
dead cells. In addition, of course, nonbio-
logical xenobiotic threats can be sensed
and defended against through these
pathways. Regardless, these recent ad-
vances open new avenues for further
investigation into the links between
cellular damage, caused by either chemi-
cal or biological agents, and stress or
immune defense-associated transcrip-
tional responses.REFERENCES
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